There have been many reported cases of Listeria monocytogenes bacteremia in Europe and the United States, but only a few from Taiwan. The present study was undertaken to analyze the clinical characteristics of patients with L. monocytogenes bacteremia in Taiwan.
Introduction
Listeria monocytogenes is an aerobic and facultatively anaerobic, motile, Gram-positive rod that infects humans. Listeria infection is an uncommon disease in the general population, usually causing self-limited febrile gastroenteritis in previously healthy individuals who ingest high numbers of Listeria. However, L. monocytogenes infection can cause death in specific groups, including elderly adults, pregnant women, neonates and immunocompromised patients. In these hosts, listeria infection may develop into sepsis or central nervous system infection (meningitis or meningoencephalitis). [1] [2] [3] Although there have been several reports from Europe and the United States on the clinical manifestations of Listeria bacteremia, [4] [5] [6] only one report has come from Taiwan. We classified the patients into groups based on age and time of onset, to identify the age and year distributions of listeria infection, and compared the fatality rates of the groups. The clinical symptoms and signs, including fever, respiratory distress and consciousness changes, were recorded. Infections were considered nosocomial if they first appeared 48 hours or more after hospital admission or within 30 days after discharge. 8 Antimicrobial susceptibility of the L. monocytogenes isolates from the patients was reviewed. The susceptibilities of the bacterial isolates to ampicillin, penicillin and vancomycin were determined by the E-test (AB Biodisk, Solna, Sweden), and the results were interpreted according to Clinical and Laboratory Standards Institute guidelines. 9 We reviewed the treatment course administered to each patient, to determine whether the patient received appropriate antibiotic therapy and the post-treatment outcomes were analyzed.
Methods

Patients and bacterial isolates
Identification
Simplified identification of L. monocytogenes was based on the following tests: Gram staining, observation of trembling motility in a wet mount, positive catalase reaction, and esculin hydrolysis. L. monocytogenes is Gram-positive and rod-shaped, usually non-motile and catalase negative. The CAMP test uses a β-lysin-producing Staphylococcus aureus strain streaked in one direction on a sheep blood agar plate and test cultures of L. monocytogenes streaked at right angles (but not touching) the S. aureus culture streaks. An identical broth culture incubated at 37°C shows considerably less motility. This motility pattern is also illustrated by an "umbrella-shaped" pattern that develops after overnight incubation at room temperature of an agar stab culture.
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Definitions
An episode of significant bacteremia was defined as one or more L. monocytogenes-positive blood cultures, in combination with clinical sepsis. A case was considered maternal/ neonatal when a pregnant woman, a miscarriage, a stillbirth, or a newborn of less than 1 month of age was involved.
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Meningitis was defined by the growth of L. monocytogenes in the CSF, elevated CSF protein (> 45 mg/dL) or pleocytosis (white blood cells > 100 cells/μL in CSF) with L. monocytogenes sepsis. 12 Sepsis was defined as a positive blood culture sample with systemic inflammatory response syndrome. 13 Leukocytosis was defined by a white blood cell count greater than 10,000 cells/μL in the peripheral blood. Neutrophilia was defined as an absolute neutrophil count greater than 7,500/μL in the peripheral blood, and neutropenia was defined as an absolute neutrophil count of less than 500/ μL. 14 
Results
Demographic data
Forty-three patients with at least one episode of L. monocytogenes bacteremia were identified at CGMH between January 2001 and December 2008, and were assigned to the following age groups: neonates (n = 2); 6-18 years (n = 1); 19-50 years (n = 9, 20.9%); 51-60 years (n = 13, 30.2%); 61-70 years (n = 7, 16.3%); 71-80 years (n = 8, 18.6%); and 81-90 years (n = 3, 7.0%) ( Table 1 ). The ratio of males to females was 1.05 (22 vs. 21 patients). The numbers of years from onset of infection are shown in the Figure. 
Diagnosis
For the 41 adult patients, 37 (90.2%) had a diagnosis of sepsis and 3 (7.3%) had meningitis and sepsis. Only one patient had pneumonia, with a chest X-ray showing left lower lobe pneumonia. The two neonatal patients suffered from listeriosis within 1 day of birth (early onset disease). However, one neonatal patient had meningitis and sepsis, while the other had sepsis only. The baby with a diagnosis of sepsis had a history of maternal fever.
Underlying diseases
All cases except one newborn patient had an underlying disease, such as solid tumors (n = 15, 34.9%), renal failure (n = 13, 30.2%), type II diabetes mellitus (n = 11, 25.6%). One neonatal patient was born prematurely with a gestation age of 29 weeks (Table 2) .
Clinical symptoms, signs and outcomes
Thirty-three patients (76.7%) had fever, 14 (32.6%) had respiratory distress, 12 (27.9%) experienced consciousness changes, and six (13.9%) appeared lethargic. Twelve patients died within 14 days (fatality rate 27.9%). The highest case-fatality rate (66.7%) was noticed in patients aged 80-90 years. There were no deaths among the two pediatric patients (Table 1) .
Antimicrobial susceptibilities and laboratory data
The blood isolates were tested for susceptibility to penicillin (n = 40), vancomycin (n = 14) and ampicillin (n = 10) ( Table 3) . Among the 43 patients, seven patients did not receive appropriate treatment (ceftriaxone or cefazolin was used) and four patients died (57.1%). In contrast, 36 patients received at least one appropriate antibiotic, however eight patients (22.2%) subsequently died (p = 0.081). Laboratory tests showed that 19 patients (46.3%) had leukocytosis, 18 (45.0%) had neutrophilia, and five had neutropenia (11.6%). Thirteen (44.8%) of the 29 patients who received CRP testing had a CRP level greater than 100 mg/L. Table 4 demonstrates the characteristics for fatal and surviving cases. It would appear that people with type 2 diabetes mellitus or respiratory distress may have increased fatality rates in cases of L. monocytogenes bacteremia. 
Characteristics for fatal and surviving cases
Discussion
The present study included only two neonatal patients (4.7%), both of whom were treated. A surveillance study in Spain (n = 40) comprised 32.5% newborn patients, and the mortality rate was as high as 61.5%. 5 A study conducted in Israel (n = 1,149) showed 43% perinatal infections, and the perinatal patient case-fatality rate was up to 36%. 16 However, the patient populations in the Spanish study and our present study are not sufficiently large to give statistically meaningful results. The two newborns in the present study were cured, and it is reasonable to assume that almost all newborn babies in Taiwan who have an unstable clinical condition, such as fever, poor activity or poor appetite, receive empirical treatment with ampicillin and gentamicin. The two newborn babies in the present study received ampicillin and gentamicin after birth due to fever and respiratory distress. These two drugs generally show in vitro and in vivo activities against L. monocytogenes. 9 According to a study at a national Taiwanese university, 7 most neonatal cases with listeriosis also had respiratory distress (11/14) and half of the cases had involvement of the central nervous system, observations similar to those seen in our study. In the present study, only three adult patients (7.3%) and one newborn baby (50%) were diagnosed with meningitis, with these percentages lower than the corresponding values from studies conducted in England (24%) and Israel (28%). 16, 17 The low rate of meningitis may be due to the low rate of CSF analysis in the present study. Only 11 (25.6%) patients underwent a CSF survey; the rate of meningitis might be increased if all the patients underwent this test. All but one of the newborn patients had an underlying disease, and this rate was higher than those reported for studies conducted in England (75%) and Israel (74%).
